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I. INTRODUCTION
A -SITE modification of perovskite with general formula Ln 1−x Z x MnO 3 (Ln = La, Pr, Nd,…and Z = Sr, Ca, Ba,…) has been intensively carried out to achieve a tuneable magnetocaloric effect (MCE) [1] - [4] . Guo et al. [5] reported that La 0.8 Ca 0.2 MnO 3 (LCMO) has Curie temperature T C of 230 K and maximum entropy change of 5.5 J·kg −1 ·K −1 under an applied field of 15 kOe. However, Franck et al. [6] and Chebotaev [7] reported that excessive oxygen led to T C decrease for La 0.8 Ca 0.2 MnO 3+δ compared with LCMO. A-site modification of Sr-deficient Pr 0.6 Sr 0.4 MnO 3 leading to decrease in T C and maximum magnetic entropy change was reported in [3] . Moreover, A-site modification that has similar results in LCMO is also reported in [4] . The decreasing of T C might strongly come from lattice effect corresponding to tolerance factor [8] , [9] .
MCE has a strong correlation with electrical properties via so-called magnetoresistance (MR) effect in which both phenomena are usually investigated around the magnetic phase transition [10] - [12] . Chebotaev [7] reported that colossal MR (CMR) corresponded to local activation energy depending on the magnetic field. It was assumed that clusters with Mn 4+ ions, as well as with O 2− ions, could transform into each other resulting in the weakening of the Coulomb coupling and increase the energy of the system. However, the Mn 4+ cluster corresponds to the existence of double exchange (DE) energy. The Mn 4+ cluster implies the decrease in the total energy of the system. Then, Mn 4+ concentration plays an important role to the obtained T C and may influence the MCE. Magnetic entropy change is commonly calculated from isothermalmagnetization. However, recently Khlifi et al. [2] reported that the magnetic entropy change could also be calculated from the temperature dependence of the resistivity measured at various [14] , [15] . The magnetic inhomogeneity reduces MCE in manganites for all the cases except in the vicinity of the critical point. Nonetheless, the effect of inhomegeneity on MCE is quite different depending on whether the second-order magnetic transition (SOMT) or first-order magnetic transition (FOMT) is concerned. For example, there is a detectable decrease of the magneticfield-induced entropy change due to demagnetizing field even when this field is noticeably less than the external field [16] . In this paper, we shall show that A-site deficiency in (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 causes a higher T C than polycrystalline and single crystalline [4] , [17] . Moreover, the temperature span corresponding to T F W H M of maximum magnetic entropy change is found to be more than two times wider compared with those nanocrysrtalline La 0.8 Ca 0.2 MnO 3 that have a similar refrigerant capacity (RC) [18] . A detailed discussion is given below.
II. EXPERIMENTS
In this paper, A-site deficiency of nonstoichiometric polycrystalline compound (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 , was synthesized by a conventional solid-state reaction technique from high purity La 2 O 3 , CaO, and Mn 3 O 4 . The sample was prepared at a temperature of 1250°C for 30 h and followed by grinding, pressing, and final sintering at 1250°C for 50 h. Details of the techniques for preparation, characterization, and controlling oxygen excess can be found in [7] . Magnetic properties of the compound were characterized using a vibrating sample magnetometer.
0018-9464 © 2014 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. Fig. 1 shows the temperature dependence of magnetization under an applied field of 100 Oe. Magnetization drops sharply close to ferromagnetic-paramagnetic transition temperature. T C is defined using first derivative of magnetization as a function of temperature dM/dT . The result obtained for T C is ∼188 K, which is close to the T C previously reported [7] . One may begin to examine from an undoped LaMnO 3 with no oxygen excess. The LaMnO 3 originally has much lower T C of 124 K than this paper [19] . Then, A-site of LaMnO 3 doped with divalent cations Ca 2+ would introduce a different ratio for Mn 3+ /Mn 4+ resulting in the shift of T C to higher temperature as other authors reported in LCMO [5] . The LCMO yields a different value of T C depending on the fabrication method used. Guo et al., [5] made LCMO by sol-gel method obtained T C of 230 K. However, Khlifi et al. [4] made LCMO by solid-state reaction and obtained T C of 183 K. Different sample fabrication methods give inhomogeneity and grains growth, which resulted in different T C as reported in [20] in La 1−x Ag x MnO 3 (x = 0.1 -0.3) [20] .
III. RESULTS AND DISCUSSION
A-site deficiency in LCMO without oxygen excess gave rise to a decrease in T C [4] . On the other hand, the obtained T C of this paper (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 compared with polycrystalline and single crystalline LCMO is shifted toward a higher temperature [4] , [17] . Oxygen excess always introduces disorder through vacancies either at A or B site, which would imply Mn 4+ concentration leading to an increase in T C and a decrease disorder meanwhile a large amount of disorder will decrease T C [6] . Thus, oxygen excess may shift the T C to a higher value for ferromagnetic regime before it drops sharply to paramagnetic regime. Moreover, the shift in T C to a higher value corresponds to the increase in the number of vacancies in the A-site deficient sublattice [21] , as well as with the small value of δ [22] . The sharp drop of magnetization versus temperature indicates a FOMT. Therefore, one may assume that (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 has no significant lattice effect because it suggests an increase in T C [8] . Details of lattice parameters of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 can be found in [7] . Table I shows a sequence of T C from various reported manganese perovskites that describe the influence of A-site, which is doped with oxygen excess.
The isothermal magnetization curve observed under an applied field of 10 kOe is shown in Fig. 2 . The magnetization at some temperature below T C does not show saturation. It means that the magnetization can still reach a higher value as the external magnetic field increases. At temperatures higher than T C , the magnetization perfectly shows paramagnetic phase because it shows a straightline.
Magnetic entropy change S M was obtained by isothermal magnetization measurements. From Fig. 2 
The − S M max of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 is 1.62 J·kg −1 · K −1 , as shown in Fig. 3 . This maximum entropy change obtained is greater than that of nanocrystalline LCMO with crystallite size <43 nm [18] but lower than that of single crystalline one [17] . RC, another important parameter of magnetocaloric properties, defined as the amount of heat transferred between the hot and cold reservoirs is given by [26] 
The RC of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 is 27 J/kg. The obtained RC is close to that in nanocrystalline with 43 nm crystallite size, which has a maximum entropy change higher than this paper under the same applied field [18] . Therefore, T F W H M of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 should be larger. Thus, the (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 offers a wider temperature span of 240% than that of nanocrystalline. However, the smaller sample with crystallite size of 28 nm in [18] has higher RC but lower maximum entropy than that in this paper. The wider temperature span may come from composition inhomogeneity and/or nonstoichiometry of the phase [27] . Therefore, it offers a wider temperature span of T FWHM than (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 . However, it is understandable because it shows SOMT [18] that usually has a wider temperature span of T FWHM . The wider temperature span in (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 could offer an advantage of wider working temperature. Thus, (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 might be useful for magnetic refrigerant application.
The RC would be greater as the external magnetic field increase because higher magnetic entropy change and the temperature span of T F W H M might also increase. Recently, Khlifi et al. [2] has revealed a similar value of magnetic entropy change could be computed from magnetoresistance measurement. Previously, Khlifi et al. [4] also performed RC value of LCMO that was estimated to be slightly smaller to (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 under same external magnetic field of 10 kOe. They found that increasing resistivity of carries and T C correspond to increasing calcium deficiency [2] . Simultaneously, the temperature span of T F W H M computed from magnetic measurement might be different from that obtained with electrical measurement. The (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 exhibit CMR: the electrical resistivity increases with a decrease in temperature to T ≈ T C and then sharply decreases [7] . The number of vacancies from A-site deficiency and O 2− in the case of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 might contribute to lower resistivity properties compared with that given in [2] . Therefore, lower resistivity in (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 might introduce a slightly larger RC compared with LCMO [4] . Then, one might assume the (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 would also has a wider temperature span of RC at high external magnetic field compared with the sample with 43 nm nanocrsytalline LCMO [18] .
The Banerjee criterion [28] determines the order of a phase transition from the sign of the slope of magnetic isotherm plots of H /Mversus M 2 . In Fig. 4 , H /M versus M 2 in isothermal magnetization shows the first-order transition because of a negative slope presence. A-site deficient (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 exhibit the FOMT while a small and an intermediate grain size nanocrystalline could tune the magnetic phase transition of LCMO [18] .
A-site deficiency in (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 would lead to vacancies that might influence the tolerance factor and structure disorder. However, the A-site vacant (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 would be covered by oxygen excess. The Mn 4+ cluster would be enlarged resulting in increased freedom of holes compared with conventional LCMO. Therefore, A-site deficiency and oxygen excess both will play an important role in the MCE. The oxygen excess would offer more holes, and then it is supposed to be more metalliclike. The short-range order only occurred in a low field regime of the specified temperature above T C . It might express the Mn 4+ cluster as well as O 2− , which decreases the DE energy around low field above T C . Table I summarizes some correlated work of (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 class.
IV. CONCLUSION
The A-site deficient (La 0.8 Ca 0.2 ) 0.975 MnO 3.01 has successfully been synthesized by the solid-state reaction. The A-site deficiency and slight oxygen excess in this paper suggest a wider temperature span in the comparable RC of nanocrystalline La 0.8 Ca 0.2 MnO 3 reported by other authors. This might be caused by the A-site deficiency, which would offer more holes to be more metallic-like, and subsequently the DE may be sustained in a wider temperature span.
